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(S7) Abstract 

Methods for tieating neot^asia, by administenng leovtnis to a Ras-mediated neoplasm, and use of reoviius for manufiacture of a 
medicament for die treatment of neoplasia, are disclosed. Hie reovinis is administered so that it ultimately directly contacts cells of dw 
neoplasm. Human reovirus, non-^iuman mammalian reovtrus, and/or avian leoviius can be used, if the reoviius is human veovitus, type ! 
(e.g., strain Lang), type 2 (e.g.. strain Jones), type 3 (e.g., strain Dearing or strain Abney), as well as odier serotypes or strains of reovinis 
can be used. Combinations of more than one ty^ and/or stiain of reovirus can be used, as can reovtrus ftom different species of anfanaL 
Either solid neoplasms or hematopoietic neoplaans can be treated. 
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REOVIKUS FOR THE TREATMENT OF NEOPLASIA 

RELATED APPUCATION 

This appUcatkm is a Continuation-in-Patt of U^. Serial No. 08/91 1.383 filed on 
August 13, 1997, the entire teadungs of wbich are incorporated herein by reference. 

5 BACKGROUND OF THE INVEOTION 

Normal cell proliferation is regulated by abalance between growth^romoting 
protoKmcogenes and giowth-<onstrainingtuinor.8uppre88or genes. Tumorigenesis can 
be caused by genetic alterations to the genome that result in the mutation of those 
celhilar elements that govern the interpretation of cdlular signals, such as potentiation 

10 of pioto-oncogene activity or inactivation of tumor suppressioa It is believed that the 
interpretation of these signals ultimately influences the growth and differentiation of a 
ceU, and that misinterpretation of these signals can result in neoplastic growth 
(neoplasia). 

Genetic aheration of die pioto-oncogene Ras is believed to contribute to 
15 approximately 30% of all human tumors (Wiessmuller, L. and Wittinghofer, F. (1994), 
Ceaular Signaling (J(3):247-267; Baibacid, M. (1987) A Rev. Biochenu 56, 779-827). 
The role that Ras plays in the pathogenesis of human tumors is specific to the type of 
tumor. Activating mutations in Ras itself are found in 

most types of human malignancies, and are highly represented in pancreatic cancer 
20 (80%), sporadic colorectal carcinomas (40-50%), human lung adenocarcinomas (15- 
24%), Ayioid tumors (50%) and myeloid leukoma (30%) (Millis, NE et al. (1995) 
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Cancer Res. S3: 1444; Chaubert. P. et al (1994). Am. J. Path. 144:767; Bos. J. (1989) 
Cancer Res. 49:4692). Ras activation is also demonstrated by upstream mitogenic 
signaling elements, notably by tyrosine receptor kinases (RTEs). Th^ iq)stream 
elements, if amplified or overexpressed, ultimately result in elevated Ras activity by the 
5 signal transduction activity of Ras. Exanq)les of this include overexpression of PDGFR 
in certain forms of glioblastomas , as well as in c-erbB-2/neu in breast cancer (Levitzki, 
A. (1994) Eur. J. Biochent 226:1; James, P.W.. et al. (1994) Oncogene P:3601 ; Bos, J. 
(1989) Cancer Res. 49\Am). 

Current methods of treatment for neoplasia include surgery, chemotherapy and 

10 radiation. Suigeiy is typically used as the primary treatment for early stages of cancer, 
however, many tumors cannot be completely removed by surgical means. In addition, 
metastatic growth of neoplasms may prevent complete cure of cancer by surgery. 
Chemotherapy involves administration of compounds having antitumor activity, such as 
alkylating agents, antimetabolites, and antitumor antibiotics. The efficacy of 

15 chemotherapy is often limited by severe side e£fects, including nausea and vomiting, 
bone marrow depression, xenal damage, and central nervous system depressiorL 
Radiation therapy relies on the greater ability of normal cells, in contrast with neoplastic 
cells, to repair themselves after treatment with radiatiorL Radiotherapy cannot be used 
to treat many neoplasms, however, because of the sensitivity of tissue surrounding the 

20 tumor. In addition, certain tumors have demonstrated resistance to radiotherapy and 
such may be dependent on oncogene or anti-oncogene status of the cell (Lee. J.M. et aL 
(1993) PNAS 90:5742-5146; Lowe. S.W. etal, (1994) Science, 2tftf:807-810; Raybaud- 
Diogene. YLetal, (1997) J Clin. Oncology, /J(3):1030-1038). fa view of the 
drawbacks associated with the current means for treating neoplastic growth, the need 

25 still exists for improved methods for the treatment of most types of cancers. 
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SUMMARY OF THE INVENTION 

The present invention pertains to meehods for treating neoplasia in a mammal. 
Tistng reovirus, and to use of reovirus for manufacture of a medicament for the treatment 
of neoplasia. Reovirus is administered to a neoplasm, in which an element of the Ras 

5 signaling pathway (either upstream or downstream) is activated to an extent that results 
in reovirus-mediated oncolysis of cells of the neoplasnL The reovirus can be 
administered in a single dose or in multiple doses; fur&ennore, more than one neoplasm 
in an individual mammal can be treated concurrently. Both solid neoplasms and 
hematopoietic neoplasms can be targeted. Hie reovirus is administered so that it 

10 contacts cells of the mammal (e.g., by injection directly into a solid neoplasm, or 
intravenously into the mammal for a hematopoietic neoplasm). The mediods can be 
used to treat neoplasia in a variety of mammals, including mice, dogs, cats, sheq), goats, 
cows, horses, pigs, and non-human primates. Prefisrably, the mediods are used to treat 
neoplasia in humans. 

15 The methods and uses of the mvention provide an effective means to treat 

neoplasia, without the side efiTects associated with other forms of cancer therapy. 
Furthermore, because reovirus is not known to be associated widi disease, any safety 
concerns associated with deliberate admmistration of a virus are minimized. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 Figure 1 is a depiction of the nwlecular basis of reovirus oncolysis, in which the 

reovirus usurps the host cell Ras signalling pathway. 

Figure 2 is a graphic representation of the effects over time of active (open 
circles) or inactivated (dosed circles) reovirus serotype 3 (strain Dearing) on the size of 
murine THC-1 1 tumors grown in severe combmed immunodeficiency (SCID) mice. 
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The pbtted values represent the mean of the measuremeats with die standard enor of 
die mean also shown. 

Figure 3 is a gapUc rqmsentation of the effects over time of active (open 
circles) or inactivated (closed circles) reoviros serotype 3 (strain Dearing) on the size of 
5 human glioblastoma U-87 xenografts grown in SCID mice. The plotted values 

represent the mean of the measurements with the standard error of die mean also shown. 

Figure 4 is a gnq>hic rq)resentation of die effects over time of active (open 
circles, open squares) or inactivated (closed circles, closed squares) reovirus serotype 3 
(strain Dearing) on die size of treated (circles) or untreated (squares) bilateral human 
10 glioblastoma U-87 xenografts grown in SCID mice. The plotted values represent the 
mean of the measurements with the standard error of the mean also showiL 

The foregoing and other objects, features and advantages of the invention will be 
apparent fiom the fbllowing more particular description of preferred embodnnents of 
the invention, as illustrated in the accon^anying drawings in which like reference 
IS characters refer to die same parts throughout die different views. The drawings are not 
necessarily to scale, emphasis instead being placed upon illustrating the principles of die 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention pertains to methods of treating a neoplasm in a mammal, by 

20 administering reovirus to the neoplasm. The name reovirus (Respiratory and enteric 
orphan virus) is a descriptive acronym suggesting that these viruses, although not 
associated with any known disease state in humans, can be isolated firom both the 
respiratory and enteric tracts (Sabin, AB. (1959), Science 730:966), The mammalian 
reovirus consists of tiiree serotypes: type 1 (strain Lang or TIL), type 2 (strain Jones, 

25 T2J) and type 3 (strain Dearing or strain Abney, T3D). The three serotypes are easily 
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identifiable on the basis of ncutralizatioii and hemagglutinin-inhibition assays (Sabin, 
AJ8. (1959). Science /iO:966; Fields, B.N. et al, (1996), Fundamental Virology. 3rd 
Edition, Uppincott-Raven; Rosen, L. (1960) Am. J. Hyg.71:242; Stanley, KF. (1967) 
Br. Med. Bull 23:150). 

5 Although reovinis is not known to be associated with any particular disease 

(Tyler, K.L. and Fields, B,N., in Fields Virology (Fields, B.N., Knipe, DM., and 
Howley, P J^- eds), Lippincott-Raven, Philadelphia, 1996, p. 1597), many people have 
been exposed to reovinis by the time they reach adulthood (i.e., fewer than 25% in 
diildren < 5 years old, to greatw than 50% in those 20-30 years old (Jackson G.G. and 

10 Muldoon Ri, (1973) /. Infect. Dis. 725:81 1; Stanley N.F. (1974) In: Comparative 
Diagnosis of Viral Diseases, edited by E Kurstak and K. Kurstak, 385-421. Academic 
Press, New York).. 

For mammalian reoviruses, the cell surfiice recognition signal is sialic acid 
(Armstrong, G.D, et aL (1984), virology 138:37; Gentsch, J.R.K. and Pacitti, A.F. 

15 (1985), J. ViroL 56:356; Paul R.W. et al. (1989) rvrology 1 72:382-385). Due to the 
ubiquitous nature of sialic acid, reovinis binds efficiently to a nuiltitude of cell lines and 
as such can potentially target many different tissues; however, there are significant 
differences in susceptibili^ to reovinis infection between cell lines. 

As described herein. Applicants have discovered that cells which are resistant to 

20 reovinis infection became susceptible to reovirus infection when transformed with a 
gene in the Ras pathway. "Resistance" of cells to reoviius infection ixuiicates that 
infection of the cells with the virus did not result in significant viral production or yield. 
CeUs that are "susceptible" are those that demonstrate induction of cytopathic effects, 
viral protein synthesis, and/or virus production. Resistance to reovirus infection was 

25 found to be at the level of gene translation, rather than at early transcription: while viral 
transcripts were produced, virtis proteins were not expressed. Viral gene transcription 
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in xesistant cells coirelated witii phosphorylation of an approxixnately 65 kDa cell 
protein, determined to be double-stranded RNA-activated protein kinase ^KR), that 
was not obsCTved in transfoimed cells. Phosphorylation of PKR lead to inhibition of 
translation. When phosphorylation was sqipressed by 2-Hminopurine, a known 
S inhibitor of PKR« drastic enhancement of reoviros protein synthesis occured in &e 
untransfonned cells. Furth^more, in a severe combined immunodeficiency (SQD) 
mouse model in which tumors were created on both the right and left hind flanks 
revealed that reovirus significantly reduced tumor size ^en injected directly into the 
right-side tumor; in addition, significant reduction in tumor size was also noted on the 

10 left-side tumor which was not directly injected with reovirus, indicating that the 
oncolytic cs^acity of the reovinis was systemic as well as local. 

These results indicated that reovirus uses the host cell's Ras pathway madiinery 
to downregulate PKR and thus reproduce. Figure 1 depicts the usurpation of the host 
cell Ras signalling pathway by reovirus. As shown in Figure 1, for both untransfonned 

1 5 (reovirus-resistant) and EC^HEt.^ Sos-, or ras-transformed (reovirus-susceptible) cells, 
virus binding, internalization, uncoating, and eariy transcription of viral genes all 
imceed normally. In the case of untransfonned cells, secondary structures on the early 
viral transcripts inevitably trigger the phosphorylation of PKR, thereby activating it. 
leading to the phosphorylation of the translation initiatioa fictor eIF-2a, and hence the 

20 inhibition of viral gene translation, bi the case of EGFR-, Sos-, or ras-transformed cells, 
the PKR phosphorylation step is prevented or reversed by Ras or one of its downstream 
elements, thereby allowing viral gene translation to ensue* The action of Ras (or a 
downstream element) can be mimicked by the use of 2-aminopurine (2-AP), which 
promotes viral gene translation (and hence reovirus infection) in untransformed cells by 

25 blocking PKR phosphoiylation. 
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Based upon these discoveries. Applicants have developed methods for treating 
neoplasms in mammals. Representative mammals inchide mice, dogs, cats, sheep, 
goats, cows, horses, pigs, non-human primates, and hmnaDS. Li a preferred 
embodiment, the mammal is a human. 

5 In the methods of the invention, reovinis is administered to a neoplasm in the 

individual mammal. Representative types of human reovirus that can be used include 
type 1 (e,g., strain Lang or TIL); type 2 (e.g., strain Jones or T2J); and type 3 (e.g., 
stram Hearing or strain Abney, T3D or T3A); other strains of reovirus can also be used. 
In a preferred embodiment, the reovirus is strain Bearing. Alternatively, the reovinis 

10 can be a non-human mammalian reovirus (e.g., non-human primate reovinis, such as 
baboon reovirus; equine; or canine reovirus), or a non-mammalian reovirus (e-g., avian 
reovirus). A combination of different serotypes and/or diflfercnt strains of reovirus, such 
as reovirus from different species of animal, can be used. The reovirus is "nanirally- 
occuiring" : ihst is, it can be isolated from a source in nature and has not been 

15 intentionally modified by humans in tfie laboratory. For example, the reovirus can be 
fiom a "field source": that is, fix>m a human patient. If desired, the reovirus can be 
chemically or biochemically pretreated (e.g., by treatment witti a protease, such as 
chymotrypsin or trypsm) prior to administration to the neoplasm. Such pretreamient 
removes the outer coat of the virus and may thereby result in better infectivity of the 

20 virus. 

The neoplasm can be a solid neoplasm (e.g., sarcoma or carcinoma), or a 
cancerous growth affecting the hematopoietic system (a "hematopoietic neoplasm"; e.g., 
lymphoma or leukemia). A neoplasm is an abnormal tissue growth, generally foraiing a 
distinct mass, that grows by cellular proliferation more rapidly than normal tissue 
25 growth. Neoplasnis show partial or total lack ofstructural organization and fimctioiuil 
coordination with normal tissue. As used hmin^ a "neoplasm*', also referred to as a 
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"tumor", is intended to encompass hematopoietic neoplasms as weU as solid neoplasms. 
At least some of tiie cells of the neoplasm have a mutation in which the Ras gene (or an 
elraient of the Ras signaling pathway) is activated, either directly (e.g«, by an activating 
mutation in Ras) or indirectly (e.g., by activation of an iq)stream element in the Ras 
5 pathway). Activation of an upstream element in &e Ras pathway includes, for example, 
transformation with epidemal growth factor receptor (EGFR) or Sos. A neoplasm tiiat 
results, at least in part, by the activation of Ras, an upstream element of Ras, or an 
element in the Ras signalling pathway is referred to herein as a "Ras-mediated 
neoplasm". One neoplasm that is particularly susceptible to treatment by the methods 

10 of the invention is pancreatic cancer, because of the prevalence of Ras-mediated 
neoplasms associated with pancreatic cancer. Other neoplasms that are particularly 
susceptible to treatment by the methods of the invention include breast cancer, brain 
cancer (e.g., glioblastoma), lung cancer, prostate cancer, colorectal cancer, thyroid 
cancer, renal cancer, adrenal cancer, liver cancer, and leukemia. 

15 The reovirus is typically administered in a physiologically acceptable carrier or 

vehicle, such as phosphate-buffered saline, to the neoplasm. "Administration to a 
neoplasm" indicates that the reovirus is administered in a manner so that it contacts the 
cells of the neoplasm (also refenred to herein as "neoplastic cells"). The route by which 
the reovirus is administered, as well as the fbimulationt carrio' or vehicle, will depend 

20 on the location as well as the type of the neoplasm. A wide variety of administration 
routes can be employed. For example, for a solid neoplasm that is accessible, the 
reovirus can be administered by injection directly to the neoplasm. For a hematopoietic 
neoplasm, for example, the reovirus can be administered intravenously or 
intravascularly. For neoplasms that are not easily accessible within the body, such as 

25 metastases or brain tumors, the reovirus is admmistered in a manner such that it can be 
transported systemicaUy through the body of the mammal and thereby reach the 
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neoplasm (e.g., intiathecally, intravenously or intramuscularly). Alternatively, the 
leovixus can be admimstered directly to a single solid neoplasm, ^ere it then is carried 
systemically through the body to metastases. The reovinis can also be admimstered 
subcutaneously, intraperitoneally, topically (e.g., for melanoma), orally (e.g., for oral or 
5 esophageal neoplasm), rectally (e.g,, for colorectal neoplasm), vaginally (e.g,, for 
cervical or vaginal neoplasm), nasally or by inhalation spray (e.g., for lung neoplasm). 

The reovirus is administered in an amount diat is sufficient to treat the neoplasm 
(e.g., an "effective amount"). A neoplasm is "treated" when administration of reovirus 
to cells of the neoplasm effects oncolysis of the neoplastic cells, resulting in a reduction 

10 in size of the neoplasm, or in a complete elimination of the neoplasm. The reduction in 
size of the neoplasm, or elimination of die neoplasm* is generally caused by lysis of 
neoplastic cells ("oncolysis") by the reovirus. The effective amount will be detennined 
on an individual basis and may be based, at least in part, on consideration of the type of 
reovirus; the individual's size, age, gender, and the size and other characteristics of the 

15 neoplasm. For example, for treatmmt of a human, approximately 10^ to 10'^ plaque 
forming units (PFU) of reovinis can be used, depending on the type, size and number of 
tumors present. The reovirus can be administered in a single dose, or multiple doses 
(i.e., more than one dose). The multiple doses can be admimstered concurrently, or 
consecutively (e.g., over a period of days or weeks). The reovirus can also be 

20 administered to more than one neoplasm in the same individual. 

The invention is further illustrated by the following Exemplification. 

EXEMPLIFICATION 



MATERIALS AND METHODS 
Cells and Virus 
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Parental N1H-3T3 cell lines along with NIH-3T3 cells transfonned with a 
mimbff of oncogenes were obtained from a variety of sources. Parental NIH-3T3 and 
NIH-3T3 cells transfected wiA the Harvey-ras ^*ras) and EJ-ras oncogaes were a 
generous gift of Dr. Douglas Faller (Boston University School of Medicine). NIH-3T3 
S cells along with their Sos-transfoimed counterparts (designated TNII^) were a 
generous gift of Dr. Michael Karin (University of CaUforoia, San Diego). Dr. H.-J. 
Kung (Case Western Reserve University) kindly donated parental NIH-3T3 cells along 
wifli NIH-3T3 cells transfected with the v-erbB oncogene (designated THC-1 1). 2H1 
cells, a derivative of the C3H lOTI/2 murine fibroblast line, containing the Harvey-ras 

10 gene under the transcriptional control of the mouse metallothionein-I promoter were 
obtained from Dr. Nobumichi Hozumi (Mount Sinai Hospital Research Institute). 
These 2H1 cells are conditional ras transfonnant that express the H-ras oncogene in the 
presence of 50 nM ZnS04. All cell lines were grown in Dulbecco^s modified Eagle's 
medium CDMEM) containing 10% fetal bovine serum (FBS). 

15 The NIH-3T3 tet-myc cells were obtained from Dr. R.N. Johnston (University of 

Calgary) and were grown in DMEM containing 10% heat-inactivated FBS and 
antibiotics in the presence or absence of 2 tig^ml tetracycline (Helbing, C.C. ei ai, 
Cam&'Res. 57:1255-1258 (1997)). In the presence of tetracycline, expression of the 
* human c^yc gene is repressed. Removal of tetracycline results in the elevation of 

20 expression of c-myc by up to 100-fbld in these cells, whidi also display a transformed 
phenotype. 

The PKR T and PKR mouse embryo fibroblasts (MEFs) were obtained from 
Dr. B JELG. Williams (the Cleveland Clinic Foundation) and were grown in oc-MEM 
containing fetal bovine serum and antibiotics as previously described (Yang, Y.L. et al 
25 EMBOJ, 7^:6095-6106 (1995); Der, S.D. et al., Proc NcuL Acad. ScL USA 94:3279- 
3283 (1997)). 
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The Dearmg Strain of leovirus serotype 3 osed m th^ 
in suspension cultures of L ceDs and purified according to Smifli (Smith. R.E. et aL, 
(1969) Virology, iP:791-800) with the exception that p-metcaptoethanol (P-ME) was 
omitted fiom the extraction buffer. Reovirus labeUed wffli ["S]methiomne waa grown 
5 and purified as described by McRae and Joklik (McRae, MA. and JoUik, WJL, (1978) 
Virology, «P'.578-593). The particle/PFU ratio for purified reovirus was typically 100/1 . 

Immunojluorescent analysis of reovirus infection 

For the immunofluorescent studies the NIH-3T3, TNIH#5, H-ras, EJ-ras, 2H1 
(+/. ZnS04). and THC-1 1 cells were grown on coverslips, and infected with reovirus at 

10 a muhipUcity of infection (MOD of -10 PFU cell or mock-infected by application of the 
carrier agsnt (phosphate-buflEered saline, PBS) to the cells in an identical fashion as the 
administration of vims to the cells. At 48 hours postinfection, cells were fixed in an 
ethanol/acetic acid (20/1) nrixtuic for 5 minutes, then rehydrated by sequential washes 
in 75%, 50% and 25% ethanol, followed by four washes wifli phosphate-buffered saline 

15 (PBS). The fixed and rehydrated cdh were then ejqKJsed to the i»imaiy antibody 

(rabbit polyclonal anti-reovirus type 3 serum diluted l/lOO in PBS) [antisennn prepared 
by mjection of rabbits wifli reovirus serotype 3 in Freund's complete adjuvant, and 
subsequent bleedings] for 2 hours at room temperature. Following three washes widi 
PBS, die cells were cjqwsed to the secondary antibody [goat anti-rabbit IgG (whole 

20 molecule)-fluoreacein isothiocyanate conjugate (FTTQ [Sigma Immunochemicals F- 
0382] dUuted 1/100 in PBS contaming 10% goat serum and 0.005% Evan's Blue] for 1 
hour at room tenq)erature. Finally, die fixed and treated cells were washed three more 
times with PBS and then once with double-distilled water, dried and mounted on slides 
in 90% glycerol containing 0.1% phenylenediamine, and viewed with a Zeiss Axiophot 



CX 02283280 1999-09-02 



WO99/0W92 PCr/CA9M0774 



•12- 

microscope on which Cail Zeiss camera was mounted (the magnification for ail pictures 
was 200X). 

Detection of MAP Kinase (ERK) Activity 

The Pho^hoPlus p44/42 MAP kinase (Thi202n*yi204) Antibody kit (New 
S England Biolabs) was used for the detection of MAP kinase in cell lysates according to 
the manufiicturer's instructions. Briefly, subconfluent monolayer cultures were lysed . 
with the recommended SDS-containing ^unple buffer, and subjected to SDS-PAGE, 
followed by electroblotting onto nitrocellulose paper. The membrane was then probed 
with the primary antibody (anti-total MAPK or anti-phospho-MAPK). followed by the 
10 horseradish peroxidase (HRP)-conjugated secondary antibody as described in the 
manufacturer's instruction manual. 

Radiolabelling of reovirus^infected cells and preparation of lysates 
Confluent monolayers of NIH-3T3. TNIH#5, H-ras, EJ-ras. 2H1 (+/- ZnSOJ, 
and THC-1 1 cells were infected with reovirua ^OI-IO PFU/cell). At 12 hours 
1 S postinfection, the media was rq>Iaced with methionine-firee DMEM containing 10% 
dialyzed FES and 0.1 mCi/ml pS]methionine. After further incubation for 36 hours at 
37°C, the cells were washed in phosphate-bufifered saline (PBS) and lysed in the same 
buffer containmg 1% Triton X-lOO, 0.5% sodium deoxycholate and 1 mM EDTA. The 
nuclei were then removed by low speed centrifugation and the 5i4>ematants were stored 
20 at -TO'^C until use. 



Preparation of cytoplasmic extracts for in vUro kinase assays 
Confluent monolayers of the various cell lines were grown on 96 well cell 
culture plates. At the appropriate time postinfection the media was aspirated off and the 
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eells were lyscd with abuffer containing 20mM HEPES [pH 7.4], 120 mM KCI, 5 nxM 
MgClj, I mM dithiothreitol 0.5% Nomdet P-40, 2 jig/ml Icupeptin, and 50 jxg/ml 
aprotinin. The nuclei were thai removed by low-speed cemrifugation and the 
supematants were stored at -TO'^C until use. 

5 Cytoplasmic extracts were normalized for protein concentrations before use by 

the Bio-Rad protein microassay method Each in vitro kbase reaction contained 20 jil 
of ceU extract, 7.5 |il of reaction buffer (20 mM HEPES [pH 7.4], 120 mM KQ, 5 mM 
MgClj, 1 mM dithiothreitol, and 10% glycerol) and 7.0 fil of ATP mixture (1.0 (iCi[Y- 
^^]ATP in 7 jii of reaction buffer), and was incubated for 30 minutes at 37''C 

10 (Mundschau. LJ.,and Faller, D.V., 1 Biol Chem., 2(57:23092-23098 (1992)). 

immediately after incubation the labelled extracts were cither boiled in Laemmli SDS- 
sample buffer or were either precipitated with agaiose-poly(I)poly(C) beads or 
fanmunoprecipitated with an anti*PKR antibody. 

Agarose poly(I)poly(C) predpitation 

15 To each in vitro kinase reaction mature, 30 til of a 50% Ag poly(I)poly(C) Type 

6 starry (Pharmacia LKB Biotechnology) was added, and the mixture was incubated at 
4**C for 1 h. The Ag poly{I)poly{e) beads with the absorbed, labelled proteins were 
then washed four times with was buffer (20 mM HEPES [7.5 pH], 90 mM KCI, 0. 1 mM 
EDTA, 2 mM didiiothreitol, 10% glycerol) at room temperature and mixed wifli 2X 

20 Laemmli SDS sample buffer. The beads were flicn boiled for 5 min, and the released 
proteins were analyzed by SDS-PAGE. 

Polymerase chain reaction 

Cells at various times postinfection were harvested and resuspended in ice cold 
TNE (10 mM Tris [pH 7.8], 150 mM NaCl, 1 mM EDTA) to which NP-40 was then 
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^AA^ to a final concentration of 1%. After 5 minutes* the nuclei were pelleted and 
EINA was extracted fiom the supernatant using the phenoLxhloroform procedure. Equal 
amounts of total cellular RNA fiom each sample were then subjected to RT-PCR 
(Wong, H., et al, (1994) Anal. Biochem., 225:251-258) usmg random hexanucleotide 
5 primers (Phaimacia) and RTase (GIBCO-BRL) accordmg to the manufacturas' 
protocol The cDNA's from the RT-PCR step was then subjected to selective 
amplification of reovirus si cDNA using the primer 5 - 

AATTCGATTTACK}TGACACTATAGCTArrGGTCGGATG-3* (SEQ ID N0:1) and 
5'-CCCrTTTGACAGTGATGCTCCGTTATCACTCGw3' (SEQ ID N0:2) that amplify 

1 0 a predicted 1 1 6 bp fragment. These primer sequences were derived from the S I 

sequence determined previously (Nagata, L, et a/.,(1984) Nucleic Adds Res., 72:8699- 
8710). The GAPDH primers (Wong, R, et oL, (1994) Anal. Biochem., 22i:251-258). 
5*.CGGAGTCAACGGATTTGGTCGTAT-3' (SEQ ID N0:3) and 
5'-AGCCTTCTCCATGGTGGTGAAGAC-3'(SEQ ID N0:4) were used to amplify a 

15 predicted 306 bp GAPDH fragment ^ch served as a PGR and gel loading control. 
Selective amplification of die si and GAPDH cDNA's was perfonned using Taq DNA 
polymerase (GIBCO«BRL) according to the manuficturers' protocol using a Perkin 
Ehner Gene Amp PGR system 9600* PGR was carried out for 28 cycles with each 
consisting of a denaturing step for 30 seconds at 97*'C, annealing step for 45 seconds at 

20 55°C, and polymerization step for 60 seconds at 72°C. PGR products were analyzed by 
electrophoresis tbroi^ an ethidium bromide-impregnated TA£-2% agarose gel and 
photographed under ultra-violet illumination with Polaroid 57 fihn. 

Jmmunoprecipitation and SDS-PAGE analysis 

Immunoprecipitation of "S-labeUed reovirus-infected cell lysates with anti- 
25 reovirus serotype 3 serum was earned out as previously described (Lee, P. W.K. et ai 
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(1981) rirology, 108:l34-\46). Inununoprecipitatioii of "P-labelled cdl lysates with an 
anti-PKR antibody (ftom Dr. Michael Malhews. Cold Spring Haibor) was sfamlariy 
carried oirL Immunoprecrpitates were analyzed by discontinuous SDS-PAQE according 
to the protocol of Laemmli (Laemmli, UX, (1970) Nature, 227:680-685). 

5 EXAMPLE 1. Activated Intermediates in the Ras Signalling Pathway Augment 
Reovirus Infection EfSciency 
It was previously shown that 3T3 cells and their derivatives lacking qpidermal 
growth ftctor receptois (EGFR) are poorly infectible by reovirus, whereas the same 
cells transformed with either EGFR or v-erb B are highly susceptible as determined by 

10 cytqpatfiic effects, viral protem syndesis, and virus ovtpat (Strong, J.E. et ai,(1993) 
Virology, 797:405-411; Strong, J.E and Lee, P.W.K., (1996)/. Virol., 70:612-616). 

To dctemiine whedier downstream mediators of die EGFR signal transduction 
pathwiy may be involved, a number of difieraH NIH 3T3-derived, transfiarmed wifli 
constiwtively activated oncogenes downstream of the EGFR, were assayed for relative 

15 susceptibility to reovirus infection. Of particular interest were intermediates in the ras 
signalling pathway (reviewed by Barbacid. M., Annu. Rev. Biochem., 55:779-827 
(1987); Cahill. MA., et al., Curr. BioL, 5:16-19 (1996)). To investigate the Ras 
signaUing pathway, NIH 3T3 parental cell lines and NIH 3T3 lines transfected with 
activated versions of Sos (Aionheim, A, et ai,(1994) Cett, 7S:949-961) or ras 

20 (Mundschau, LJ. and FaUer, D.V., (1992) J. Biol. Chem., 257:23092-23098) oncogenes 
were exposed to reovirus, and their cafzcitf to promote viral protem synthesis was 
compared. 

Detection of viral proteins was initially carried out using indirect 
immunofluorescent microscopy as described above. The results indicated that whereas 
25 the NIH 3T3 cells adopted a Qpically flattened, sjOTad-out morphology with mariced 
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contact inhibition, ttie transfonned cells all grew as spindle-sluped cells widi much less 
contact inhibition. On conoparing the uninfected parental cell lines with die various 
transfonned cell lines, it was apparent diat die morphology of the cells was qm 
distinct vapon transformation. Upon challenge widi reovirus, it became clear that 
5 parental NIH 3T3 line was poorly mfectible (<S%), regardless of the source of the 
parental NIH 3T3 line. In contrast, the transftcted ceQ lines each demonstrated 
relatively pronounced immunofluorescence by 48 hours postinfisction (data not shown). 

To demonstrate that viral protein synthesis was more e£Sdent in the Sos* or 
Ras-transfonned cell lines, cells were continuously labeled with p'S]-methionine firom 

10 12 to 48 hr postinfection and the proteins were analyzed by sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis (SDS*PAG£), as described above. 

The results showed clearly that the levels of viral protein synthesis were 
significantly higher in the Sos- or Ras-transformed cells than in parental NIH 3T3 cells. 
The identities of the viral bands were confirmed by immunoprecipitation of the labeled 

IS proteins widi polyclonal anti-reovirus antibodies. Since the uninfected NIH 3T3 cells 
and their transformed counterparts displayed comparable levels of cellular protein 
synthesis and doubling times (data not shown), the observed difference in the level of 
viral protein synthesis could not be due to intrinsic differences in growth rates or 
translation efficiencies for these cell lines. 

20 The long-temi fiite of infected NIH-3T3 cells was followed by passaging these 

cells for at least 4 weeks. They grew normally and appeared healthy, widi no sign of 
lytic or persistent infection; no virus could be detected in the medium a&tt this time 
(data not shown). 
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EXAMPLE 2. Enhanced Inftetibffity Conferred by Activated Oncogenes is Not Due to 
Long-term Transfbimation or the Generalized Transfonned State of the 
Cell 

To determine whether the differences in susc^tibility may be the result of long- 
5 term effects of transfoimation, or the result of the activated oncogene itsclt a cell line 
expressing a zinc-inducible cellular Harvey-ras (c-H-ras) gene was tested for 
susceptibility to reovirus infectibility, as described above. These cells, called 2HI, were 
derived ftom the C3H lOTl/2 cell line which is poorly infectible by reovirus (data not 
shown), and carry the c-H-ras gene under the control of the mouse metallothionine-I 
10 promoter (Trimble, W.S. et al. (1986) Nature, 527:782-784). 

Cells were eidier mock-tcealed or pretreated with SO fiM ZnS04 18 hours prior 
to infection or mock-infection (admmistration of cazzier agent), foUowed by indirect 
immunofluorescent analysis of these cells at 48 hours postinfection or mock-infection. 
The results (not shown) dmionstrated that uninduced cells were poorly infectible 
15 (<S%) whereas those induced for only 18 hours were much more susceptible (>40%). 
Enhanced viral protein synthesis in die Zn-induced 2H1 cells was further confirmed by 
metaboUc labeling of the cells with pS]methionine followed by SDS-PAGE analysis of 
virus-specific proteins (not shown). 

Based on these obsovations, die augmentation of reovirus infection efficiency in 
20 the transformed cells is a direct result of die activated oncogene pToduct(s), and not due 
to other factors such as aneuploidy often associated with long-term transformation, or 
other accumulated mutations that may be acquired under a chronically transformed state 
(eg,, p53 or myc activation). 

To show further that susceptibility to reovirus infection is not a result of 
25 transformation per se (i.e., a result of the transformed state of the host cell), NIH-3T3 
cells containing a tetracycline-controlled human c-myc gme (tet-myc cells) were 
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examined (Helbing, C.C et aL. Cancer Res. 57:1255-1258 (1997)). These cells 
xunmally are mfflntamed in tetracycline (2 fig/ml) which represses the expression of c- 
myc. Removal of t^racycline mider normal growth conditions (10% fetal bovine 
. sensn) leads to accumulation of the c-Myc protein and the cells display a transformed 
S phenotype. We found that Aese cdls were unable to siqiport vinis growth dfhw 
presence or in the absence of tetracycline (data not shown), suggesting that 
susceptibility to reovirus infection is not due to die general transformed state of the host 
cell, but rather requires specific transformation by elements of the Ras signaling 
pathway. 

10 A good indicator of activation of the Ras signaling pathway is the activation of 

the MAP kinases ERKl and ERK2 (for a review, see Robinson, M J. and Cobb, M JI., 
Cwrr. Opin. Cell. Biol. 9:180-186 (1997)). In this regard, it was found that, compared 
with untransformed cells, Ras-transformed cells have a significantly higher ERKl/2 
activiQr (data not shown). Furtheraiore, an examination of a number of hinnan cancer 

IS cell lines has revealed an escellent correlation between the level of ERKl/2 activity and 
susceptibility to reovirus infection (data not shown), aldiough ERKl^ itself does not 
appear to play any role in it. Mouse L cells and human HeLa cells, in which reovirus 
grows very well, both manifest higjh ERKl/2 activity (data not shown). 

EXAMPLE 3. Viral Transcripts are Generated but Not Translated in Reovirus-Resistant 
20 NIH3T3 Cells 

The step at which reovmis infection is blodced in nonsusceptible NIH 3T3 cells 
was also identified. Because virus binding and vnus internalization for nonsusceptible 
cells were comparable to diose observed for susceptible cells (Strong, J.E. et ai, (1993) 
Virology^ /97:405-41 1), the transcription of viral genes was investigated 
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The relative amounts of icovirus SI transcripts generated in NIH 3T3 cells and 
the Raa-transfonned cells during the fint 12 hours of infbction were conqpared afker 
anq)lification of these transcripts by polymerase chain reaction (PCR), as described 
above. The results demonstrated that the rates of accumulation of SI transcripts in tiie 
5 two cell lines were similar, at least up to 12 hours postmfection. Similar data were 
obtained when rates of accumulation of other rcovinis transcripts wctc compared (data . 
not shown). These results demonstrate that infection block in nonsusccptible cells is not 
at die level of transaction of viral genes, but rather, at the level of translation of die 
transcripts. 

10 At later times, the level of viral transcripts present in untransformed NIH-3T3 

cells decreased significantly whereas transcripts in trans&tmed cells continued to 
accumulate (data not shown). The inability of these transcripts to be translated in NIH* 
3T3 cells probably contributed to their degradation. As ^cpected, the level of viral 
transcripts in infected L cells was at least comparable with that m infected Ras- 

15 transformed cells (data not shown). 

EXAMPLE 4. A 65 IcDa Protein is Phosphorylated in Reovirus-treated NIH 3T3 Cells 
but Not in Reovirus-infiscted Transfotmed Cells 
Because viral transcripts were generated, but not translated, in NIH 3T3 cells, it 
was investigated whether the double-stranded RNA (dsRNA)- activated kinase, PKR, is 
20 activated (phosphorylated) in these cells (for example, by SI mRNA transcripts which 
have bcm shown to be potent activators of PKR ((Bischoff; J.R. and Samuel, C.E., 
(1989) Virology, 772:106-115), which in turn leads to inhibition of translation of viral 
gaies. The corollary of such a scenario would be that in the case of the transformed 
cells, this activation is prevented, allowing viral protein synthesis to ensue. 
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NIH3T3 cells and v-crbB- or Ras-transfijrm and 
H-ias, respectively) were treated with reovirus (i.e., infected) or mock-infected (as 
above), and at 48 hours post treatment, subjected to in ^ntro kinase reactions, followed 
by autoradiographic analysis as desoibed above. 
S The results clearly demonstrated that there was a distinct phosphoprotein 

migrating at proximately 65 kDa, the expected size of FKR, only in the NIH 3T3 cells 
and only after exposure to reovirus. This protein was not labeled in ttie lysates of either 
the uninfected transformed cell lines or the infected transformed cell lines. Instead, a 
protein migrating at approximately 100 kDa was found to be labeled in the transformed 

1 0 cell lines after viral infection. This protein was absent in either the preinfection or the 
postinfection lysates of the NIH 3T3 cell line, and was not a reovirus protein because it 
did not react with an anti-reovirus serum that precipitated all reovirus proteins (data not 
shown). A similar 100 kDa protein was also found to be ^^-labeled in in vitro kinase 
reactions of postinfection lysates of the Sos-transformed cell lines (data not shown). 

15 That intermediates in the Ras signalling pathway were responsible for the lack of 

phosphorylation of tibe 65 kDa protein was forth^ confirmed by the use of the 2H1 cells 
which contain a Zn*inducible Ras oncogene* Uninduced 2H1 cells(relatively resistant 
to reovirus infection, as shown above), were capable of producing the 65 kDa 
phosphoprotein only after exposure to virus* However, 2H1 cells subjected to Zn- 

20 induction of the H-Ras oncogene showed significant iznpairment of the production of 
this phosphoprotein. This impairment coincided with the enhancement of viral 
synthesis. These results therefore eliminated the possibility that the induction of the 65 
kDa phosphoprotein was an NIH 3T3-specific event, and clearly established the role of 
Ras in preventing (or reversing) induction of the production of this phosphoprotein. 

25 The Zn-induccd 2H1 cells did not produce the 1 00 kDa phosphoprotein seen in the 
in&cted, chronically transformed H-Ras cells. 



CA 02283280 1999-09-02 



«,^iu.moz«^ PCT/CAW0OT74 
WO 99/0M92 



-21- 

EXAMPLE 5. Inducti<mofPhoqjhorylatioaof the65 kDaPtotem 
Viial Transcription 

Since production offhe 65 kDa phosphoprotdn occuired only in cells that were 
resistant to leovirus infection, and only aftw the cells were exposed to reovinis. it was 

5 investigated whether active viral transcription was required for production of the 68 kDa 
phosphoprotein. Reovirus was UV-trcated to inactivate its genome prior to 
administration ofthercovirus to NIH3T3 cells. For UV-treatmcnt, reovirus was 
suspended in DMEM to a concentration of approximately 4x10* PFU/mL and exposed 
to short-wave (254 nm) UV light for 20 minutes. UV-inactivated virus were non- 

1 0 infectious as deteraiined by lack of cytopathic efBscts on mouse L-929 fibroblasts and 
lack of viral protein synfliesis by methods of ["S]-methionine labelling as previously 
described. Such UVtreatnaent abolished vind gene transcrq)tion, as analyzed by P(^ 
and hence viral infectivity (data not shown). The cells were thm incubated for 48 
hours, and lysates were prepared and subjected to in vitro ^-labeling as before. The 

IS resdts showed that NIH3T3cdls infected with untreated leovi^ 

prominent 65 kDa ^-labelled band not found in uninfected cells. Cells exposed to 
UV-treated reovirus behaved similarly to the uninfected control cells, manifesting little 
phosphorylation of the 65 kDa protein. Thus, induction of die phosphorylation of the 
65 kDa phosphoprotem is not due to dsRNA present in die input reovirus; rather, it 

20 requires de novo transcription of the viral genes, consistent with the identification of the 
65 kDa phosphoprotein as PKR. 

EXAMPLE 6. Idcntificadon of the 65 kDa Phosphoprotem as PKR 

To determine whether the 65 kDa phosphoprotein was PKR, a dsRNA binding 
expaimcnt was carried out in which poly(l>poly(c) agarose beads were added to ^^F- 
25 labeled lysates , as described above. After incubation for 30 minutes at 4'*C, the beads 
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were washed, and bound proteins were released and analyzed by SDS-PAGE. The 
results showed that the 65 kDa phosphoprotem produced in die posdnfectloa NIH 3T3 
cell lysates was cq)able of bindnig to dsRNA; such bmding is a well-recognized 
charact^stic of PKR. In contrast, ibe 100 kDa phosphoprotein detected in die infected 
5 H-ras-transformed cell line did not bind to the Poly(I)i)oly(c) agarose. The 65 kDa 
phosphoprotein was also tnununoprecipitable with a PKR-specific antibody O^ovided 
by Dr. Mike Mathews, Cold Spring Harbor Laboratory), confirming that it was indeed 
PKR. 

EXAMPLE 7. PKR Inactivation or Deletion Results in Enhanced Infectibility of 

10 Untransformed Cells 

If PKR phosphorylation is responsible for the shut-off of viral gene translation 
in NIH-3T3 cells, and one of the functions of the activated oncogene product(s) in the 
transformed cells is the prevention of this phosphorylation event, then inhibition of PKR 
phosphorylation in NIH-3T3 cells by odier means (e,g. drugs) should result in the 

1 5 enhancement of viral protein synthesis, and hence infection, in these cells. To test this 
idea, 2-axninopurine was used. This drug has been shown to possess relatively specific 
inhibitoiy activity towards PKR autophpsphorylation (Samuel, C.E. and Brody. M., 
(1990) Virology, 1 76: 106-1 13; Hu, Y. and Conway, T.W. (1993). J. Interferon Res., 
/5:323-328). Accordingly, NIH 3T3 cells were exposed to 5 mM 2-aminopurine 

20 concunently with exposure to reovirus. The cells were labeled with ["S]metfaionine 
from 12 to 48 h postinfection, and lysates were harvested and analyzed by SDS-PAGE. 

The results demonstrated that exposure to 2-aniinopurine resulted in a 
significantly higher level of viral protein syndiesis in NIH 3T3 cells (not shown). The 
enhancement was particularly pronounced after immunopredpitating the lysates with an 

25 anti-reovirus serum. These results demonstrate that PKR phosphorylation leads to 
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inhibition of viral gene translation, and that inhibition of fliis phosphorylation event 
releases the translation block. Therefine, mtennediates in the Ras signallnig pathway 
negatively regulate PKR. leading to enhanced infcctibility of Ras-transfotmed cells. 
Interferon p, known to induce PKR expression, was found to significantly 

5 reduce reovirusrcpKcation in Ras-transformed cells (data not shown). 

A more direct ^qjproach to defining the role of PKR in reovinis infection is 
through the use of cells that are devoid of PKR. Accordingly, primary embryo 
fibroblasts ftom wild-type PKR T and PKR */» mice (Yang. Y.L. et al EMBOJ. 
/^:6095-6106 (1995)) were compared in terms of susceptibiUty to reovirus infection. 

10 The results clearly showed that reovirus proteins were synthesized at a significantly 
higher level in the PKR cells than in the PKR *r cells. These experiments 
demonstrated that PKR inactivation or ddetion enhanced host cell susceptibility to 
leovirus infection in the same way as does transformation by Ras or elements of the Ras 
signalmg pathway, thereby providing strong support of tf>e role of elements of the Ras 

IS signalmg pathway m negatively regulating PKR. 

EXAMPLE 8 Inactivation of PKR in Transformed CeUs Does Not Involve MEK 

Recq>tor tyrosine kinases such as EGFRs are known to stimulate die mitogen- 
activated or extraceUular signal-regulated kinases (ERKl/2) via Ras (see Robinson, 
MJ. and Cobb, M.H., Cun. Opin. Cell Bid. P:180-186 (1997)). This stimulation 
20 requires the phosphorylation of ERKl/2 by the mitogen-activated extraceUular signal- 
regulated kinase, kinase MEK, which itself is activated (phosphorylated) by Raf, a 
serine-threonine kinase downstream of Ras. To determine if MEK activity was required 
for PKR inactivation in transformed cells, the effect of the recmtly identified EK 
inhibitor PD98059 (Dudley, D.T. et al., Proc. Natl Aead. Sd. USA 92:7686-7689 
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(1995); Waters, S J>. et oL. J. Biol Chem. 270:20883-20886 (1995)) on infected Ras- 
tzansfonned cells was studied. 

H^Ras-ttaosfonned cells were grown to 80% confluency and infected with 
reovirus at an m.o.i. of proximately 10 p.£uyccll. PD98059 (Calbiochem), dissolved 
5 in dimethylsulfoxide (DMSO), was applied to the cells at the same time as the virus 
(final concentration of PD98059 was 50 fiM). The control cells received an equivalent 
volume of DMSO. The cells were labeled with 35S-methionine from 12 to 48 hours 
post-infection- Lysates were then prepared, immunoprecipitated with the polyclonal 
anti^reoviius serotype 3 serum and analyzed by SDS*PAGE. 

1 0 The results (data not shown) showed that PD98059, at a concentration that 

effectively inhibited ERKl/2 phosphorylation, did not inhibit reovims protein synthesis 
in the transformed ceUs. On the contrary, PD98059 treatment consistently caused a 
slight enhancement of viral protein synthesis in these cells; the reason for this is under 
investigation. Consistent with die lack of mhibition of viral protein synthesis in the 

1 5 presence of PD980S9, the PKR in these cells remained unphoq)horylated (data not 
Aown). As expected, PD980S9 had no effect on reovirus-induced PKR 
pho^horylation in untransformed NIH-3T3 cells (data not shown). These results 
indicated that MEK and ERKl/2 are not mvolved in PKR activation. 

EXAMPLE 9. In Vivo Oncolytic Cq>a(bility of Reovirus 
20 A severe combined immunodeficiency (SCID) host tumor model was used to 

assess the efBcacy of utilizing reovirus for tumor reductiozL Male and female SCID 
mice (Charles River, Canada) were injected with v-erbB-transformed NIH 3T3 mouse 
fibroblasts (designated THC-1 1 cells) m two subcutaneous sites overlying the hind 
flanks. In a first trial, an injection bolus of 2.3 X 10^ cells in 100 ^l of sterile PBS was 
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used In a second trial, an injection bol^ of 4.8 X 10* cdls in 100 |il PBS was used. 
Palpable tumors were evident appioximately two to ttaws wedcs post inje«stion. 

Rcovinis serotype tbree (strain Dealing) was iraectad into the right-side tumor 
mass (the "treated tnmor mass") in a volume of 20 at a concentration of 1.0 X 10* 
plaque fonning units (PFlVml. Tie left-side tumor mass (die "untreated tumor mass") 
was left untreated. The mice were observed for a period of seven days foUowing 
injection with reovirus, measurements of tumor size were taken every two days using 
calipers, and weight of tumors was measured after sacrifice of the animals. All mice 
were sacrificed on the seventh day. Results are shown in Table 1 . 



10 Table 1 



Tumor Mass after Treatment with Reovirus 



Trial 1 (n=8) 


mean untreated tumor mass 


602 mg 




mean treated tumor mass 


284 mg 


Trial 2 (n = 12) 








mean control tumor mass 


lS23.Smg 




mean untreated tumor mass 


720.9 mg 




mean treated tumor mass 


228.0 mg 



15 



20 



The treated tumor mass was 47% of that of the untreated tumor mass in trial 1 , and 
31.6% of the untreated tumor mass in trial 2. These results indicated that the virus- 
treated tumors were substantiaUy smaller than the untreated tumors, and diat there may 
be an additional systemic effect of the virus on the untreated tumor mass. 

Similar experiments were also conducted using unilateral inttoduction of wmor 
cells. SOD mice were iryectedsubcutaneously and unilaterally in the hind flank with 
v-erbB-transfbrmed NIH 3T3 mouse fibroblasts (THC-l I cells). Palpable turaon 
(mean area 0.31 cm*) were established after two weeks. Eight animals were then given 
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a single mtratumotal uqection of 1.0 x 10' PFUs of reovirus serotype 3 (strain Dealing) 
in phosphate-buflfered saline (PBD). Control tumors (n«10) were injected wi± 
equivalent amounts of UV-inactivated virus. Tumor growtii was foUowed for 12 days, 
during which time no additional reovirus treatment was administered. 
S Results, shown in Figure 2, demonstrated diat treatment of these tumors widi a 

single dose of active reovirus (open circles) resulted in dramatic rcptesAon of tumor 
growth by the thirteenth day (endpoint), when tumors in the confrol animab injected 
with a single dose of inactivated reovirus (closed circles) exceeded the acceptable tumor 
burden. This experiment was repeated several times and found to be highly 
1 0 reproducible, thus further demonstrating the efScacy of reovirus in repressing nmior 
growth. 

Example 10: In Vivo Oncolytic Dq)ability of Reovirus Against Human Breast Cancer- 
Derived Cell Lines 

In vivo studies were also carried out using human breast carcinoma cells in a 
15 SCID mouse model. Female SOD mice were naected with 1 x IC MDAMB468 cells 
in two subcutaneous sites, overlying both hmd flanks. Palpable tumors were evident 
approximately two to four weeks post mjection. Undiluted reovirus serotype three 
(strain Dearing) was injected into the right side tumor mass in a volume of 20 |il at a 
concentration of 1 .0 x 10'^ PFU/mL The results are shown in Table 2. 



wo 99/08692 



CA 02283280 1999-09-02 



PCT/CA98m0774 



-27- 



Table2 Tiunor Mass After Treatmeat with Rfioviriu 



TREATMENT 


mean untreated tumor mass 
(leftside) 


mean treated tumor mass (right 
side) 


Reovirns (N*^) 


29.02 g 


38.33 g 


Control (N-8) 


171.8 g 


128.54 g 



•Note: One ofthe control mice died early during the treatment phase. None of the 
reovinis-treated mice died. 



Althou^ these studies were prelnninary, it was clear that fee size ofthe tumors 
in the rccvirus-trcated animals was substantially lower than that in die untreated 
animaU. However, the size ofthe tumors on the right (treated) side ofthe reovirus- 
treated animals was slightly larger on average than the left (untreated) side. This was 
unexpected but may be explained by the composition of the mass being taken up by 
inflammatory cells with subsequent fibrosis, as well as by the feet that these tumors 
were originally larger on the right side on average than the left. The histologic 
composition of the tumor masses is being investigated. These results aUo support the 
systemic effect the reovirus has on the size of the untreated tumor on the contralateral 
slide of reovizus fagecdoa 

EXAMPLE 11. Susceptibility ofAdditional Human Tumors to Reovirus 
Oncolysis 

In view ofthe oi vivo results presented above, the oncolytic capability observed 
in murine cells was investigated in cefl lines derived ftom additional human tumors. 



A. Materials and Mednds 
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Celb and Virus 

All cell lines were grown in Oulbecco's modified Eagle's medium (DMEM) 
containing 10% fetal bovine serum (FBS). 

The Dealing strain of reovirus serotype 3 used in these studies was propagated 
S in suspension cultures of L cells and purified according to Smith (Smith, R.E. et al.^ 
(1969) Virology^ iP:791-800) with the exception that p-merc2q)toetfaanol (P-ME) was 
omitted ftom the extraction buffer. Reovirus labelled with [^^Sjmethionine was grown 
and purified as described by McRae and Joklik (McRae, MA. and Joklik, W Jw., (1978) 
Virology, 59:578-593). The particle/PFU radon for purified reovirus was typically 
10 100/1. 



Cytopathic effects of reovirus on cells 
Confluent monolayers of cells were infected with reovirus serotype 3 (strain 
Dearing) at a multiplicity of infection (MOT) of ^proximately 40 plaque forming units 
(PFU) per cell Pictures were taken at 36 hour postinfection for both reovirus-infected 
15 and mock-infected cells. 

Immunofluorescent anafysis of reovirus infection 
For the immunofluorescent studies the cells were grown on coversUps, and 
infected with reovirus at a multiplicity of mfection (MOI) of -10 PFU/cell or mock- 
infected as described above. At various tunes postinfection, cells were fixed in an 
20 ethanol/acetic acid (20/1) mixture for 5 minutes, then rehydrated by subsequenlial 
washes in 75%, 50% and 25% ethanol, followed by 4 washes with phosphate-buffered 
saline (PBS). The fixed and rehydrated cells were then exposed to the primary antibody 
(rabbit polyclonal anti-reovirus type 3 serum diluted l/lOO in PBS) for 2 hr at room 
temperature. Following 3 washes with PBS» the cells were exposed to the secondary 
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andbody [goat anti-tabbit IgG (whole molecule) fluorescein isothiocyanate (FUC) 
conjugate diluted 1/100 in PBS containing 10% goat scrum and 0.005% Evan's Blue 
counterstain] fori hour at room tenq)erature. Fmally, fee fixed and treated cells were 
washed 3 more times with PBS, followed by 1 wash with double-distilled water, dried 
5 and mounted op slides in 90% glycerol containing 0. 1% phenylencdiamine, and viewed 
with a Zeiss Axiophot microscope mounted with a Carl Zeiss camera (magnificarion fer 
all pictures was 200 x). 

Infection of cells and quantitation of virus 
Confluent monolayers of cells grown in 24-wcll plates were infected with 
10 reovirus at an estimated multiplicity of 10 PFU/cell. After 1 hour incubation at 37^C, 
the monolayers were washed with warm DMEM-10% FBS» and then incubated in the 
same medium. At various times postinfection, a nuxture of NP-40 and sodium 
deoxychotate was added directly to the medium on the infected monolayers to final 
concentrations of 1% and 0,5%, respectively. The lysates were then harvested and virus 
1 S yields were detennined by plaque titration on L-929 cells. 

Radiolabelling ofreovirus-Infecied cells and preparation of lysates 
Confluent monolayers of cells were infected wifli reovirus (MOI -10 PFU/cell). 
At various times postinfection, tiie media was replaced witii methionine-firee DMEM 
containing 10% dialyzed PBS and 0.1 mCi/ml p^SJmethionine. After fiirther incubation 
20 for 1 hour at 37^C, the cells were washed m phosphate-buffered saline (PBS) and lysed 
in the same buffer containing 1% Triton X-100, 0,5% sodium deoxycholate and 1 mM 
EDTA. The nuclei were then removed by low speed centrifiigation and the supematanis 
was stored at 70°C until use. 
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ImmmapreapitationandSDS-PAGEanaly 
Immunopredpitation of pS]-labeIled leovirus-infected cell lysates with anti- 
reoviros serotype 3 semm was cazried out as previously described (Lee, P.WX. et al 
(1981) Virology, /W:134-146). Immunoprecipitates were analyzed by discontinuous 
5 SDS-PAGE according to flie protocol of Lacmmli (Laemmli, U.K., (1970) Nature, 
227:680^85). 

B. Breast Cancer 

The c-erbB'ZMeu gene encodes a transmembrane protein with extensive 
homology to the EGFR that is overexpressed in 20-30% of patients with breast cancer 

10 (Yu, D, et al (1996) Oncogene ;j:1359).Since it has been established herein that Ras 
activation, either through point mutations or through augmented signaling cascade 
elements upstream of Ras (including the c-erbB-2/neu homologue EGFR) ultimately 
creates a hospitable environment for reovirus replication, an array of cell lines derived 
from human breast cancers were a^ayed for reovirus susceptibility. The cell lines 

15 included MDA-MD-435SD (ATCC deposit HTB-129), MCF-7 (ATCC deposit HTB- 
22), T-27-D (ATCC deposit HTB-133), BT-20 (ATCC deposit HTB-19). HBL-lOO 
(ATCC deposit inB-124), MDA-MB-468 (ATCC deposit HTB-132). and SKBR-3 
(ATCC deposit HTB-30). 

Based upon mduction of cytopatfaic effects, and viral protein synthesis as 

20 measured by radioactive m^abolic labeling and immunofluorescence as described 

above, it was found tiiat five out of seven of the tested breast cancers were susceptible to 
reovirus infection: MDA-MB-435S, MCF-7, T-27-D, MDA MB-468, and SKBR-3 
were exquisitely sensitive to infection, while BT-20 and HBL-100 demonstrated no 
infectibility. 
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C. Bndn Glioblastoma 

Next a variety of cell lines derived fiom faoman bzain glioblastomas was 
investigated. The ceQ lines included A-172,U418,U*178,U-S63»U-25UU-87and 
U-373 (cells were a generous gift from Dr. Wee Yong, University of Calgary), 
5 Six out of sevCT glioblastoma cell lines demonstrated susceptibility to reovirus 

infection, including U- 1 1 8, 

U-178, U-563, U-251, U-87 and U-373, while A-172 did not demonstrate any 
infectibility, as measured by cytopathic effects, immunofluorescence and pS]- 
mediionine labeling of reovirus proteins. 

10 The U-87 glioblastoma cell line was investigated further. To assess die 

sensitivity of U-87 cells to reovirus, U-87 cells (obtained from Dr. Wee Yong, 
Univasity of Calgary) were grown to 80% confluency and were then challenged with 
reovirus at a multiplicity of infection (MOI) of 10. Within a period of 48 hours there 
was a dramatic, widespread cytq)athic effect (data not shown). To demonstrate fiirdier 

15 that the lysis of these cells was due to repUcaticm of reovirus, the cells were then pulse- 
labeled with pS]methionine for three hour periods at various times postinfection and 
proteins were analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) as described above. The results (not shown) cleariy demonstrated 
effective reovirus replication within these cells with resultant shutoff of host protein 

20 synthesis by 24 hours postinfection. 

The U-87 cells were also introduced as human tumor xenografts into die hind 
flank of 10 SCID mice. U-87 cells were grown in Dulbecco's modified Eagle's 
medium containing 10% fetal bovine serum, as described above. Cells were harvested, 
washed, and resuspended in sterile PBS; 2.0 x 10^ cells in 100 \i\ were injected 

25 subcutaneously at a site overiyii^ the hind flank in five- to eight-week old male SCID 
mice (Charles Riv^, Canada)*. Tumor growth was measured twice weekly for a period 
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of four weeks. Results, shown in Figure 3, demonstrated that tteataient of U-87 tumors 
with a single intratumoral iiy ection of 1 .0 x 10^ PFUs of live reovirus (open circles, 
n»5) resulted in drastic i^ression of tumor growth, mcludmg tumor regression by die 
fourth week post-treatment (P=0.008), in comparison with treatment of tumors with a 
5 single intratumoral injection of die same amount of UV-inactivatcd reovirus (closed 
circles, n=5). 

Hematoxylin/eosin (HE)-staining of the remaining microfod of the tumors 
treated with active virus, performed as described (H. Lyon, Cell Biology, A Laboratory 
Handbook, J.E. Cells, ed.. Academic Press, 1994, p. 232) revealed that die remaining 

1 0 tumor mass consisted largely of normal stroma without appreciable numbers of viable 
tumor cells, nor was there any eevidence of infiltration of tumor cells into the 
underlying sceletal muscle (data not shown). Necrosis of tumor cells was due to direct 
lysis by the virus, the same mechanism of cell killing as by reovirus in vitro. 
To determine if there was viral spread beyond die tumor mass, 

1 5 immunofluorescent microscopy using antibodies directed against total reovirus proteins 
was conducted as described above, on sections of die tumor and adjoining tissue* It was 
found that reovinis-specific proteins were confined to the tumor mass; no viral staining 
was detected in die underlying skeletal muscle (data not shown). As expected, viral 
proteins were not present in tumors injected with the UV-inactivated virus (data not 

20 shown). These results demonstrated diat reovirus replication in tfiese animals was 
highly tumor specific with viral amplification only in die target U*87 cdls. 

Since most tumors are highly vascularized, it was likely that some virus could 
enter die blood stream following die lysis of the infected tumor cells. To determine if 
there was systemic spread of the virus, blood was harvested from the treated and control 

25 animals, and serially diluted for subseqpient plaque titration, hifectious virus was found 
to be present in the blood at a concentration of I x 10^ PFUs/ml (data not shown). 
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The hi^ degree of tumor spedficily of the virus, combined with systemic 
spread, suggested that reovirus could be able to replicate in glioblastoma tumors remote 
fiom &e initially infected tumor, as dononstrated above widi r^ard to breast cancer 
cells.. To veriiy this hypothesis, SOD mice were implanted bilateraUy with U-87 
S himian tumor xenografts on sites overiying each hind flank of the aniirua^ These 
tumors were allowed to grow until they measured 0.5 x 0.5 cm. The left-side tumors 
were then administered a single infection of reovirus in treated animals (n-5); control 
animals (n=7) were mock-treated with UV-inactivated virus. Tumors were again 
measured twice weekly for a period of four weeks. 

10 Results, shown in Figure 4, demonstrated that inhibition and eventual regression 

of both the treated (circles) and untreated tumor masses (squares) occurred only in the 
live reovirus-treated animals (open chicles and squares), in contrast with the inactivated 
reovirus-treated animals (closed circles and squares). Subsequent unmunofluorescent 
analysis revealed that reovirus proteins were present in both the ipsilateral (treated) as 

1 5 well as the contralateral (untreated) tumor, indicating that regression on the untreated 
dde was a result of reovirus oncolysis (data not shown). 

D. Pancreatic Carcinoma 

Cell lines d^ved from pancreatic cancer were investigated for their 
suscq)tibility to reovirus mfectioxL The cell Imes included Capan-1 (ATCC deposit 
20 HTB.79), BxPC3 (ATCC deposit CRL-1687), MIAPACA-2 (ATCC deposit CRL- 
1420), PANC-l (ATCC deposit CRL-1469), AsPC-l (ATCC deposit CRL-1682) and 
Hs766T (ATCC deposit HTB-134). 

Five of these six cell lines demonstrated susceptibility to reovirus infection 
including Capan-1, MIAPACA-2, PANC-1, AsPC-1 and Hs766T, whereas BxPC3 
25 demonstrated little infectability as assayed by viius-induced cytopathological effects, 
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ixnmunofluorescence and p'S]-labelling. Interestingly, four of the five ceU lines 
demonstrating susceptibility to leovirus oncolysis have been shoivn to possess 
transfbnning mutations in codon 12 of the K-ras gene (Capan-1, MIAPACA-2, PANC-1 
and AsPC-1) whereas the one lacking sudi susceptibility (BxPC3) has been shown to 
5 lack such a mutation (Bmozpe, et al. (1994), InL J. Cancer, Jft 185-191). The 
status of the other K-ras codons is cunratly unknown for the Hs766T cell line. 

EXAMPLE 12. Use of Reoviius as an Oncolytic Agent in Immune-Competent 
Animals 

A syngeneic mouse model was developed to investigate use of rcovirxis in 
10 immune-competent animals rather than in SCED mice as described above. C3Hmice ^ 
(Charies River) were implanted subcutaneously with l.O x 10^ FPUs ras-tiausformed 
C3H cells (a gift of D. Edwards, University of Calgary). Following tumor 
establishment, mice were treated with a series of injections of either live reoviius (1 .0 x 
10^ FPUs) or UV-inactivated reovinis. Following an initial series (six injections over a 
IS nine-day course), test animals received a treatment of dihite reoviius (1.0 x 10^ FPUs) 
every second day. Mock-treated animals received an ecpiivalent amount of UV- 
inactivated virus. 

Results demonstrated that reovirus was an effective oncolytic agent in these 
immune competent animals. All of the test animals showed regression of tumors; 5 of 
20 the 9 test animals exhibited complete tumor regressira after 22 days, a point at which 
the control animals exceeded accq)table tumor burden. Furthermore, there were no 
identifiable side efifects in the animals treated with reovirus. 

To assess the effects of previous reovirus exposure on tumor repression and 
regression, one-half of a test group was challenged with reovirus (intramuscular 
25 injection of 1 .0 x 10^ FPUs, type 3 Dearing) prior to tumor establishment. Two weeks 
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after challenge^ Bcutralizing antibodies coaldbe detected in all exposed animals. 

Fo llowing tumor establisfament, animals were treated with a secies of dfter live or UV- 

inactivated reovirus, as described above. 

Results (data not shown) demonstrated tiiat animals witti circulating neutralizing 
5 antibodies to reovinis (i.e., those challenged with reovirus prior to tumor establishment) 
«hibited tumor repression and regression similar to those animals in which there was 
no prior exposure to reovirus. Thus» reovirus can sezve as an effective oncolytic agent 
even in immune-competent animals with previous exposure to reovirus. 

While this invention has been particularly shown and described with references 
10 to preferred embodiments thereof^ it will be understood by those skilled in the art that 
various changes in form and details may be made therein without dq>arting from the 
spirit and scope of the invention as defined by the appended claims. 
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CLAIMS 

What is claimed is: 

1 . Use of a leo virus fx the manufiuture of a medicament for treating a Ras- 
mediated neoplasm in a mamma], 

,5 2. The use of Claim 1, wherein die reoviius is a hmnanreoviius. 

3. The use of Oaim 2, wherein the human reovirus is selected from the group 
consisting of: type 1 reovirus^ type 2 reovirus, and type 3 reovirus. 

4. The use of Claim 1, wherein the reovirus is a nonhuman reovirus. 

5. The use of Claim 4, wherein the nonhuman reovirus is selected fiom the groiq> 
1 0 consisting of: mammalian reovirus and avian reovims. 

6. The use of Claim 1, herein more than one type of reovirus is administered. 

7. The use of Claim 1, vdierein more than one strain of reovirus is administered. 

8. The use of Claim 1, wh^ein the reovirus is a field isolate. 

9. The use of Claim U wherein the reovirus is treated with a protease prior to 
IS administratioiL 
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10. TheuseofClabn I, herein the neoplasm is a soUd neoplasm 

11. TheuseofClahn 1, wherein the neoplasm is a hemaiopoiedc neoplasm^ 

12. The use of Claim 1, wheicin the mammal is selected fiom the group consisting 
of: mice, dogs, cats* sheep, goats, cows, horses, pigs, and non-human primates. 

S 13. The use of Claim 1, wherein the mammal is a human. 

14. The use of Claim 1, wherein the neoplasm is selected fiom the group consisting 
of: pancreatic cancer, breast cancer and brain cancer. 

15. The use of Claim 1, wherein the neoplasm is selected from the group consisting 
of: lung cancer, prostate cancer, colorectal cancer, thyroid cancer, renal cancer, 

10 adrenal cancer, liver cancer, and leukemia. 

1 6. The use of Claim 1 , wherein the ras-mediated neoplasm is metastatic. 

17. A method of treating a Ras-mediated neoplasm in a mammal, comprising 
administering to the neoplasm a reovirus in an amount sufficient to result in 
reovirus-mediated oncolysis of cells of the neoplasm. 

IS 18. The method ofClaiml 7, wherem the reovirus is a human reovirus. 



19. 



The method of Gaim 18, wherein the human reovirus is selected fiom the group 
consisting of: type 1 reovirus, type 2 reovirus, and type 3 reovirus. 
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20. Hie metfiod of Claim 16, wherein ttie leovirus is a non-human leovirus. 

21. The mediod of Claim 20, wherein the xeovirus is selected from the group, 
consisting of: mammalian reovirus and avian leovims. 

22. The method of Claim 17» wherein more than one type of reovirus is 
S administered. 

23. The method of Claim 17, wherein more than one strain of reovirus is 
administered. 

24. The method of Claim 17, wherein the reovirus is a field isolate. 

25. The method of Claim 1 7, wherein the reovirus is treated with a protease prior to 
10 administration. 

26. The method of Claim 17, wherein the neoplasm is a solid neoplasm. 

27. The method of Claim 26, wherein the reovirus is administered by mjection into 
die solid neoplasm. 

28. The method of Claun 26, wherem the reovirus is administered intravenously mto 
IS the mammal. 

29. The method of Claim 1 7, wherein the neoplasm is a hematopoietic neoplasm. 
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30. The method of Qaixn 29, wherek the teovirus is administered intravenously into 
themammaL 

3 1 . The method of Claim 29, wherein the teovirus is admmiatered intraperitoneally 
into themammaL 

5 32. The method of Clahn 1 7» wherein flie mammal is selected from the group 

consisting of: mice, dogs, cats, sheep, goats, cows, horses, pigs, and non-human 
primates. 

33. The method of Claim 17, wherein the mammal is a human. 

34. The method of Claim 17, wherein the neoplasm is selected fiom the group 
10 consisting o£ pancreatic cancer, breasc cancer and brain cancer. 

35. The method of Claim 17, wherein the neoplasm is selected from the group 
consisting of: lung cancer, prostate cancer, colorectal cancer, thyroid cancer, 
rmal cancer, adrenal cancer, liver cancer, and leukemia. 

36. The method of Claim 17, wherein a(^roximately 10^ to 10'^ plaque forming 
IS units of reovirus are administered. 

37. The method of Claim 17, wherein die reovirus is administered in a single dose. 

38. The method of Claim 17, wherein the reovirus is administered in more than one 
dose. 
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39. The meau)d of Claim 17, ^eiem the teoviros is admmistered to more than one 
neoplasm in the manntTMti . 

40. The method of Claim 1 7, wherein the zas-mediated neoplasm is metastatic. 

41. The method of Claim 40, wherein the reovinis is administered to a single solid 
5 neoplasm. 

42. The method of Claim 40, wherein the reovinis is administered intravenously. 



43. 



A method of treating a Ras-mediated neoplasm in a human, comprising 
administering to the neoplasm a reovinis in an amount sufficient to result in 
reovirus-mediated oncolysis of cells of the neoplasm. 
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